Abstract: Aim: The objective of this paper is to determine the optimum fly ash content at which soil behavior is improved. Soil improvement is termed as soil stabilization. Soil stabilization depends on factors such as unconfined compression, cohesion, shear load, consolidation and permeability of soil and CBR value of soil. Fly ash is a thermal waste. Nearly half of the fly ash generated is not been used, hence usage of fly ash will reduce waste. Test conducted were sieve analysis, specific gravity, standard proctor compaction, unconfined compression, direct shear, free swell index, variable head permeability and consolidation for black cotton soil. Test also was conducted on soil replaced with fly ash in the level of 5%, 10% and 15%. Among the various replacement tried out, better results were observed for soil replaced with 10% of fly ash. Beyond the 10% level of replacement a reduction in performance was observed. Hence fly ash can be used for soil stabilization up to 10% replacement.
Introduction
Geotechnical properties of soils such as soft fine-grained and expansive soils are improved by various methods.
The soil is removed and replaced by a good quality material or treated using mechanical or chemical stabilization. The chemical stabilization of the soils is very important for many of the geotechnical engineering applications such as pavement structures, roadways, building foundations, channel and reservoir linings, irrigation systems, water lines, and sewer lines to avoid the damage due to the settlement of the soft soil or due to the swelling action of the expansive soils.
Soil stabilization is the permanent physical and chemical alteration of soil to enhance their physical properties. To improve its engineering performance. During stabilization, change in soil properties such as strength, compressibility, swelling potential and volume change occurs. Soil improvement is frequently termed soil stabilization. In design and construction of any structure, the role of soil is very crucial. Since the soil is in direct contact with the structure, it acts as a medium of load transfer and one has to consider the aspect of stress distribution through soil, as stability of structure itself depends on soil properties.
Ozdemir [1] studied the improvement in bearing capacity of a soft soil by addition of fly ash. The author used class mum dry density decreased and optimum moisture content increased. It was observed that best results were obtained at 20% fly ash mixed with 5% cement. Ahmad etal [3] investigated the low shear strength soil stabilization by using fly ash.
The authors reported that maximum shear strength was obtained at 10% fly ash. They also stated that more laboratory studies were required to understand long term behaviour of expansive soil treated with fly ash.Yamani Devi and Dev Prasad [4] reported the results of stabilization of expansive soil using Aluminium chloride and fly ash. They used fly ash in 5%, 10%, 15% and 20% levels and aluminium chloride at 0.5%,1%,1.5% and 2.%. They reported that optimum fly ash content was 10% and optimum aluminium chloride was 1%. The CBR value was increased with addition of fly ash.R.P. Hardaha et al [5] studied the effect of fly ash in road construction with expansive soil. They used fly ash at 10%, 20%, 30%, 40% and 50% proportions. It was observed that free swell index was increased with increase in fly ash content. CBR value increased with addition of fly ash. Vidat and Salmabanuluhar [6] proposed the state of the art on soil stabilization using fly ash. They stated that fly ash increases the shear strength of soil, it controls shrinkage and swell properties of soil. This study has been taken up to derive the advantages of fly ash on soil stabilization through increasing the unconfined compression strength and shear strength of black cotton soil.
Materials and Methods

Test Materials Soil Sample
Soil sample used in this experimental study was locally available black cotton soil in Chettikurichi, village of
Aruppukotai town in Viruthunagar District of TamilNadu state in India. Results of soil sample tested are given in Table   1 . Fly Ash is the coal combustion residue generated from coal based thermal power plant. Fly Ash can be utilized as resources materials in numerous applications. Fly ash is also known as pulverised fuel ash. It has little cementitious property compared to that of lime and cement. There are two types, they are; C class fly ash and F class fly ash. F class fly ash has been used in this study, since it was only fly ash available near. The engineering properties of the fly ash are presented in table 2.
Soil Properties Results
Fineness
Properties Range
Specific Gravity 
Test Programme
The various test conducted to assess the improvement in black cotton soil has been reported in this section and are tested in laboratory to compute their properties. Proportions were selected based on study of pervious literature. Fly ash proportions used were 5%, 10% and 15%. Following test were done on soil mixed with taken proportions.
Sieve Analysis Test
The Grain size analysis on natural soil and the soil additive Mixture were con-ducted according to IS 2720 (Part IV)-1985. It is done to determine the fineness modulus of soil mixture. Results are stated in Table 3 . Table 3 .
Properties of Different Proportion of Fly Ash Specific Gravity Test
The specific gravity determination of soil fraction passing 4.75mm IS Sieve by pycnometer was conducted according to IS 2720(Part II) 1973. Results are tabulated in Table 3 .
Standard Proctor Compaction Test
The compaction tests to obtain the moisture-density relationship of the soil-additive mixtures were conducted according to IS 2720 (Part VIII)-1983. Results are given in Table 3 .
Unconfined compression Strength
The purpose of this test is to obtain a quantitative value of compressive and shearing strength of soils in an undrained state. The test might be performed on both remoulded and undisturbed soil specimen according to IS 2720 (Part X)-1991. Results are mentioned in Table 3 .
Direct Shear Test
This test is conducted to determine the shear parameters of soil with the help of shear box test according IS 2720(Part XIII)-1983. Results are given in terms of cohesion strength in Table 3 .
Free Swell Index Test
This test is conducted to determine the free swell index value of soil and soil with the taken proportions. It was done as per IS 2720 (Part XL)-1977. Results are tabulated in Table 3 .
Permeability Test
This test is conducted to determine the permeability of the soil. Since soil sample is fine grained soil, permeability can be calculated only by using variable head method. It was done as per IS 2720 (Part XVII)-1986. Test results are stated in Table 3 .
Consolidation Test
This test is done conforming to IS 2720 (Part XV)-1986. It is done to determine the coefficient of consolidation of soil. Results are mentioned in Table 3 .
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Results
The obtained results are tabulated in Table 3 . The degree of soil stabilization has been ascertained through the values of unconfined compression strength, cohesion, co-efficient of permeability, co-efficient of consolidation and free swell index of both conventional and fly ash replaced black cotton soil. Hence these results are compared and plotted as a graph to determine optimum fly ash replacement for higher level of stabilization. Figure 4 shows the result of permeability test, which gives minimum co-efficient of permeability at 10% fly ash content with 0.003517 cm/s. Figure 5 shows the result of free swell index test, which gives highest free swell value at 10% fly ash content with 50%. 
Discussion
Unconfined Compression Test
Unconfined compression strength (UCS) increased with addition of fly ash till 10% replacement. At 10% fly ash replacement UCS was found to be 70% greater than the conventional black cotton soil. UCS increased due to the improvement of binding between the soil and fly ash. On further adding fly ash i.e. at 15% replacement decrease in UCS may be due to the excessive binding caused by fly ash.
Direct Shear Test
In this test Cohesion of soil is been observed. Cohesion result obtained is also similar to the Unconfined compression strength (UCS). Cohesion also increased with addition of fly ash till 10% replacement and the decreased for 15% replacement of fly ash. This is probably due to the shear strength developed by soil when replaced with fly ash.
Cohesion value is maximum at 10% replacement of fly ash which is found to be 63% greater than the conventional black cotton soil.
Free Swell Index Test
Free swell index is determined to find the reduction in swelling. Free Swell Index value (f.s.i.) was observed to increase till 10% replacement and the decrease. The increase in free swell index indicates the reduction in swelling. The increase may be due to the reduction of voids or due to cohesion between soil and fly ash while decrease in free swell index might have occurred due to reduction in shear strength of soil sample.
Permeability Test
Permeability decreased at 5% replacement and remains same for 10% replacement and then increases for 15%. This may be due to the cohesion of soil with fly ash, since they are binded the flow of water will be reduced. Hence the permeability of soil is reduced. Co-efficient of permeability was found to be decreased by 35% for 10% replacement when compared to conventional black cotton soil.
Consolidation Test
Consolidation increased at 5% replacement and then reduces for 10% replacement and then remains constant. This is probably due to the permeability and voids in the soil
Conclusion
From above results it has been concluded that fly ash can improve the stability of black cotton soil. Fly ash can be replaced at 10% level in black cotton soil to achieve high stability. This solution for soil improvement is eco-friendly and can replace the conventional black cotton soil in geotechnical constructions also. This utility of fly ash for soil stabilization might reduce the accumulation of fly ash generated.
